Abstract
Current WHO guidelines recommend clinical assessment and CD4 count monitoring every 6 months, to determine eligibility for ART as early as possible, and to prevent and treat HIV-related illnesses 7 .
Establishing ART eligibility in a timely fashion for individuals enrolled in care is important to reduce the early mortality on ART consistently reported from programmes in sub-Saharan Africa (SSA) [8] [9] [10] [11] [12] [13] .
Retention in HIV care is also critical to facilitate integration of prevention strategies [14] [15] [16] .
Despite the recognised importance of retention, there are precious few data from SSA on retention in pre-ART care. In particular, there have been no published studies which explore factors determining pre-ART retention, and hence it remains unclear which groups might benefit most from any targeted supportive intervention. Here we study factors associated with pre-ART retention in a large, decentralised HIV programme, linked to a population demographic platform in rural South Africa.
Methods

Hlabisa HIV Treatment and Care Programme
Hlabisa health sub-district is situated in northern KwaZulu-Natal, South Africa, covering an area of 1430km 2 , with approximately 228,000 individuals living largely in scattered homesteads in rural areas. The Hlabisa HIV Treatment and Care Programme is a Department of Health initiative supported by the Africa Centre for Health and Population Studies (www.africacentre.com); details of the programme have been reported previously 13, 17 . National ART guidelines are followed which during the study period denoted ART eligibility in the presence of a WHO stage IV condition or CD4 Additional analyses were performed with individuals linked to the demographic surveillance.
Variables were chosen for the analysis either due to reported associations with retention in HIV treatment programmes or postulated effect on retention 21, 22 . Residency status related to the defined living arrangements during the course of 13-month follow-up: non-residents were members of households, but not ordinarily resident, within the DSA; in-migrants were initially non-resident but became resident during follow-up; and out-migrants were initially resident but became non-resident. 
Results
Patients
Change in CD4 cell count and progression to ART eligibility
The median decline in CD4 cell count between initial test and first subsequent test was 8. 
Factors associated with retention
In multivariable analysis including all patients, higher initial CD4 count was associated with lower In analyses stratified by sex, the associations with age, CD4 count, out-migration, employment, and household size remained significant for females. For males, the associations with CD4 count, employment and out-migration were similar, although only the relationship with out-migration retained statistical significance due to smaller numbers, and non-residency became significantly associated with lower retention (Table 3) .
Outcomes for people lost to follow-up
432 of the 930 (46.5%) individuals matched to ACDIS did not return within 13 months for CD4
testing (compared to 58.9% for the unmatched group, P<0.001). Of these, 21 (4.9%) were reported to have died within the 13 month period and 72 (16.7%) migrated out of the demographic surveillance area. The remaining 339 individuals (78.5%) were documented to be alive and still a member of the demographic surveillance system at the end of the 13 month period following their initial CD4 cell count.
Discussion
Retention in long-term HIV care both before and after the initiation of ART is important not only to reduce individual HIV-related mortality and morbidity but also as a means to deliver 'positive prevention' interventions aimed at reducing ongoing transmission. It is of major concern, therefore, that in this large primary health care HIV programme under the existing model of care for individuals not yet eligible for ART, fewer than 50% returned within 13 months for repeat CD4 cell count.
Retention in care after the initiation of ART has been the focus of much published work from subSaharan Africa and is seen as a key indicator of programme performance 25 . Conversely, there has only been one small study focused specifically on retention in HIV care prior to eligibility for ART, which reported retention of only 31% at twelve months in an urban South African programme 26 . Pre-ART monitoring strategies using CD4 counts have been shown in mathematical models to maximise the benefit of HIV treatment programmes and to be cost-effective in a South African setting 27, 28 .
However, the rates of retention reported here are much less than assumed in these models and should prompt their re-evaluation.
One plausible explanation for poor retention would be the lack of incentive for asymptomatic individuals to return for monitoring and previous work from our group has suggested that the majority return to care at the time of symptoms . This also incorporates the provision of isoniazid preventive therapy (IPT) to individuals without evidence of TB disease 32 . The evidence base to guide the framework of wellness programmes is poor and research is urgently required to determine optimal and cost-effective models of care.
In this study, gender affected both access to care and retention in care. The proportion of males in this pre-ART population was even lower than that seen in antiretroviral treatment cohorts and likely reflects the different entry points to HIV care, with a large number of asymptomatic females enrolled in HIV care through antenatal HIV testing 33 . This might limit the generalisability of our findings to urban or work-based programmes with higher proportions of males. Male sex and full-time employment were associated with lower rates of retention and highlight the need to explore health care utilisation by men and to develop strategies to engage and retain men in HIV care, perhaps targeting work-based care 34 . Factors shown elsewhere to be important determinants of loss to followup after ART initiation such as economic status and distance to treatment point were not shown to be significant in this context 21, [35] [36] [37] . This is perhaps explained by the relatively low cost of 6-monthly visits to the clinic compared to monthly visits on ART. The relationship between larger household size and lower likelihood of retention may relate to care commitments which hinder clinic attendance or financial constraints from broader distribution of the household income 38 .
The decline in CD4 count for those retained in care was considerably greater than that from natural history research studies in South Africa; although the fact it was greater in those with higher initial CD4 counts was consistent 39, 40 . This large CD4 decline (equivalent to 105 cells/μl per year) may represent bias in that those with greater CD4 decline may have been more likely to return for followup due to symptomatic progression. Additionally return visits may have been at the time of an intercurrent infection or other clinical episode which might itself lower the CD4 count. However, these data support the hypothesis that retention in this setting is likely to be influenced more by symptomatic disease than by direct adherence to recommended monitoring strategies.
The contribution of mortality and migration to the high rate of loss to follow-up was relatively minor and the majority of those lost to follow-up were alive and remained resident within the area. No detailed information regarding causes of death is available for the group lost to follow-up and thus no conclusions can be drawn whether this mortality was HIV-related and how much the high burden of TB locally may have contributed 41 . The relationship with migration is a complicated one. This rural area is characterised by high rates of circular migration related to urban employment and young adults who migrate to urban areas for employment often return to the family home when unwell 42 . This would explain why retention was better for those individuals who were categorised as non-resident at the time of first test but became resident and the opposite relationship that those who became nonresident were less likely to have returned.
Ongoing high HIV incidence in this area despite significant scale-up of ART highlights the urgent need for improved integration of HIV care and prevention 43, 44 . Retention in long-term HIV care is important to enable the delivery of targeted biomedical and behavioural interventions aimed at reduction of onward transmission 14, 15 . It is of concern, therefore, that retention was particularly poor for younger people with higher CD4 counts, those who may be responsible for a significant proportion of transmission 45, 46 . Whilst there has been much recent interest in the concept of universal ART as prevention 47 , the evidence to support this will likely take several years to accumulate 48 , and it is imperative now that integrated care and prevention programmes are prioritised and adequately resourced.
The main limitation of our study is that it is based on retrospective analysis of CD4 cell count data.
There is emerging evidence that the loss to follow-up is considerable even between CD4 testing and collection of results
49
. We were unable to quantify this and our data should be interpreted as overall retention from the time of CD4 testing. Also we were unable to account for tests performed elsewhere and thus might have underestimate true retention. The proportion linked to the demographic surveillance platform (22%) was relatively low. Of those who initially attended one of the six clinics situated within the demographic surveillance area, 46% were successfully linked. Whilst mobility of patients within the sub-district and drawing in of patients from outside the sub-district might partly explain this, it is also possible that incomplete patient identifiers hampered the linkage process. The linked group had better retention than the unlinked individuals, which might partly reflect the fact that the demographic surveillance area is less rural and more developed and there is greater access to services than the rest of the sub-district.
In conclusion, we have demonstrated that under existing models of public sector HIV care retention prior to eligibility for ART is poor, particularly for younger individuals with higher initial CD4 cell uOR, unadjusted odds ratio; aOR, adjusted odds ratio; CI, confidence interval *Education, asset wealth index, and distance to nearest clinic were not significant in univariable analysis and were not included in the multivariable model. The effect of missing data was not significant for any variable (not shown) 
